•MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
ARTIFICIAL [NTEJ.LIGEr'JCE LABORATORY 



June fl. W76 



A. T. MEMO Set LOCO M EMO 25 

The TV Turtle 
A Logo Graphics System for Raster Displays 

Henry Lieberman 



Trm paper was presented >t the ACM Graphics Language* Symposium, April 27, L916. 



ftlsjtrtct: 



Until recently, most computer graphics, systems have been oriented toward the display of line 

drawings, continually refreshing the screen from a display list of vectors. Developments such 
as piaifna panel diiplays and rapidly declining memory price* hav* now made Feasible raster 
graphics systems., which Instead associate .some mrtnoTy with each point on the screen, and display 
pQknti according to the contents of the memory. This paper discusses the advantages ami 
limitation* of such systemi. Rasier *y«emi permit operation* whkh are not feasible Dn vector 
displays,, such as Trading directly from the screen as well al writing it, and manipulating lwo 
dimensional areas as we|[ as vectors. Conceptual differences between progfimmlng for raster and 
vector sySE*Tfl4 are illustrated with a description of Lhe author's, TV Turtle, a graphics system. For 
raster scan video display terminals. This system is imbedded In Logo, a Lisp- 1 ike interactive 
programming' language designed far use by kids, and Is based on Logo's turtle geometry 
approach tD graphic*. Logo presides powerful Ideas for using graphics which are easy For kids to 
learn,, yet generalize naturally when advanced capabilities such as primitives for animation and 
color are added tn the system, 



ThP WtA r*|»rt»d ti 1W» paper was- Jiwortad h pal hy »ia Sa^icra iilerca Foundation indrr srarl rV*a' ECapTiQ&K B"J 
tGwjJLrcled Jl lho Artificial Inlanipancai ifbnrilcy, Miisi:ir,jnh'it:i 'rj'il'gL* or Tidmalagy, tirrtirldo.E-, F.lui. Th« vlo<wi and 
GDftduiloni CDnta'fiM In \H* psp*r |r* 1ta*« al Ihft huIItcC bW) i^cutf r*t ** lM*nH-»l*d ** fi*$*ii*rlly f*creien^lrvg the 
atilclBl jHJ|e)*» P 9lth*r flKpr*nnd ot nulled, dF lhe N»l«nal Science FtoimdHkn cr Din Umied S<ale& Cov*n«n*i*1- 
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UnrJ i«*fi[lj r flmii roffipuier graphic* syurms. Mut jj fm 
oriented lavarc, :ne Lisa ay of Ii.'ii 1 drawings, continually 
refreilunjr rhe icrren irnm j tiiipl-ty list at v^r^n. 
U«vilfflpfMn5i msli || piisitj. panel display* W npidly 
■declining mernory prices have now mid* reilible radar 
graph ics lyjinni, Tfhich. instead auntie Wrfne mtnrary wish «fh 
point en tlw scnwri. arid duflta* pbihts awarding: tt> th* wnwnu 
ef AH rnepwy, Thil pipei dncusies [he JdiiuUtr!. md 
UnuCiriiiNl- of itlth iyj-Scrns Risrr.' lyEf.TiS pfnitf oprralLom 
which are not fEitL&le Cfl i«:oe auplays, such ai rfad-lng 
dlneily from the. Screen 11 well if urirjng it, jfnl ffaniuuliung 
two damenuccial aneas as. wef) as vfiDars. Cnnceplutl difference* 
between programming TO: raster and vettnr (ysirmt lie 
Illustrated with 1 d-rKrapisan of th* author"!. TV TUTtfo, a 
jnplila l¥S[em Far .-is:«r icir vidfu. displi^ terminils. This 
*ySLern is imbedded in Lo?o. I Liip-like inlericciYF programming 
language- £rH£ned fuc itst by \\m, and is frajed an logo's 

l!u-[J<j- AcomctTy appr&aeh la griphxs. Lagr* provKJU. 
powerful ideas fop ujjfij graphics ntuch ir* iris) Jot kids- Ea 
learn, yet geritralgM riituradly when ae.Man(fd ttp'abiiilm such 
a.i pnmnjvtl for anunasran and calgr art added Colt* sys;rm. 



H-, Drawing with tartles 

The fundimfdlAl concept af th* Logc appruach Id icopjter 
JJNphiLl is iiie Itirtjo. A njRte It M imaginary rrtaiur* vhich 
lives ap Tfte dlipliy Krecn, I. r.i 1 1 jQiJliOt ur, !he screen and 
* Ad^dia?* the duKncn In which (h* turrit Is. | J£|r|, The 
;dfCle al» Has a pen *hiih ian be eith*r up at 40WA The 
Commands FDRWAfiU ir-d BACK. trian£* rh* ruTl^'j ro:.;.3r 
moving Jr alivig ;Ke direction af th* heaj^ng' lt~ Che pen is- daKh 
wh«fl [hf CUr^le movBi. a Lne ll dw«« brlmen the aid arid nrH 
poutianiL LEFTT inl HJG.HT tiiange the btltif.i. ISh Figure ]]L 

Thil jcherne i^ |enertJI]f rnuch nieifi! KmTenieiit fpr inienriivc 
Jriphid th*ri the canvimiaMl apprnirh jjmpj ahdolurt 
canesjaji « dj! marts, Ilkl its inaihrmjnsil unpliQiiois |«d 
nargriFly tawarC * new >.t*w jf tranf hT Qbed titttla 
E*&mr£ry- Tht Laija gjaphici pkiiaHjahr ant rjrtlf geoniKrr 
irr dlicui«d Jn d«nl in- [Ii, |£1 and DH Thw :urlfc a 
normally jeprmmMd ViiuaTlir- on the strren tj-f 1 criang> ih:p:d 
Ctfrtor pounr|f|g in the l|f«irtr- of the hejdJig. ilinou^h any 
pittuTB Qfl tir suaiZLiuitrj. fa- ii,js pufjiMr ^ n y nunTarr flf 
turtlei cam tM treaiet, #a(h ^ith in o>»fli l^a| Mite 

Thest hint tunl# <ofnmands ant (pr^mwi to 1 vir^rj af L-agD 
jyKtrni for crcadtig pu;|urri Uiing sn.na| duTeHIH trpn of 



dfVHDM. In addsucfi ta th* riJMr sVirrm. rhtrt ait gfap-TnII 
iyilems wliich pp#r-Vle uimf ftcar ti;play liji dispkji. sucK as. 
the DEC Jd3 ani GTi& [>] Anoihrr versioei usei rtiiracrer- 
snljf display terrniniLK nhfre rKr lurllr is rcns:r3jn*fl jg tr^\t 
about a necanJigDr gnd c* Chir»c:frs [i! TrU JifW [iiilie 
CDmmanai tifi ahc be used Id cdiv.tjI 1 rotJSI Curite. ^hkch 
draw* pittujrii. on the floor wjfli a ftta ;pj |Mr< [*1 



iiS* Veatoips- versi]B vitj^ifj 

Baiter gfiphiu systemi such at ih* TV Turll: rtprptrw a 
iin;nificant dtfjailil^r FTom the vrc;Dj fl^plii hjl approach 
wh«h his characfe/i^iM must prfviaus graahics syKfini Sinte 
the prumittve <a.p4bilities zt raner syiiem^ difrer i'wrn thase 
offered tiy M«[dr dually Usr sysirmi, aner irstems mtouraj;* a 
^■w OutlWik on fraohiH. and Mrnfljrr influer^e in* irpl* of 
jjriphici pTDgramming 

One aipect dI' rWl ii illujCrated by an anaiajy w|[h ;hf -Lurlr.i:: 
betwien ee#npilers and wtKpVttttt for |enerat purjipi* 
progammtnj lart|uag(b. The primary comnorit-jnr af (Hon vpiior 
dliphf Jul lysrems, ■; a iiispiay lisl camplltr wlun CC^piles 
graphics cammacidi into a dji&.'iy Jjjec, a )fj jf ;:isl:uc:iois For 
a dnpUy prtKessuir. Rasr+f i>«*ftd elirninile ttie dually In:, 
making 1h* display list r,ornpilrr unnecessary. Ai 1 resuli, r»i»» 
l-ywerni take an jnflft of Ihe flavar of an jntpfiefwr Th* 
advantages in gfi'm-ilf. jjmnliciiy, anf. tMit Of sflrerailwri 
offered tsy Ifiserprrers are especiaily irn.vu,-un( for syslems, It^r 
Log a, »'h;Lh are cesignfd fCr us? -Jt nejEnrMTj and art Mghly 
tnteracjve. *i I [hough th* extra ccuicepiual CfjifipleaKy irnpoied 
by a ccjripPniijf, procesi an be mlnmLEtd *>t a clever oompi^r 
when praerains are iimplt, ir btfcmiet mjubleiome ^hen an 
arrempE || nade to induce rncs-f SLphikKJirJ cspibiltties. 

Tht display List tarnpllrr found id rnos: preser: frajihici tyitfni 
■i necessary because slier proc:uor cci-iiTDllLnj rh{ dikpldpl ifi SuHh 
ryiterns tim primtlive insnucugnt ^hich dtvnSay »is;ale -at isns 
juch tl wettDTS jno-mfi'jiiarfjy In ondrr fa: 1 pjtrure ia rfnum 
cm (he screen, the pra.vmijf Fmrt Tepej:edly exerure a locf 
CHlammg the in ur UthCns '.a drai- Ihe picuri-. ft( rft-li^sj Ihe 
screen when [he ima£e fades. IM i^Mr wayld rKirmally htr w 
hav* ^nrftrnands which tauie (stjj«w dr^i«n lo rtiT an she ucreen 
rath*r (han fiish ant diuppor. This u itcomplishri by 
having graphics cemman^f OpeTi« by inHiuclinj a display liv 
Compiler to campLlr iht usrr'i reij'jesii inia rh* innru-;i ii>f:> 
■underiTOOd by !he display prartiw-ir T*ie jltibil displiy list 
nprtleriting the picture U llicn etlited Id insen the cornpibd 
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Fifuif St ThK ii Ihr in-lujf *H!r tint lufrt*. r*pi*i*ri1*[J by 
■ lrifn{u.*r cursor, iUr:^ aU j>. I? hi?™ if ll-r [r^lrr ol tHn 
icrtcT Mi hfjijinj taints, upward The scLire il Lnt center 
«t In* lurlle indn+ln. il* Hn ii down. 



Fijurt Ld. TnB lurll* n*w r*£n*l -1 Ihr dirt; Kci-i -tit H»t nr« 
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Fit-urfl ;ti. The lur'lc r&vti 1DQ lit pi ia lr* dirttlian el th* 
hfl*diiij. Whin 1h* tuM* ***** -"^h. ti» p*n d&»rv !1 dr*wi- ■ 
llrw. 



F\lvf* 1*. WTwm thi p*n if up, 1h* mule d«* **t **■ 
lir« wh*n il u£ mowed. 
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Fi|j..:rA J c. Tn* *mdn E I* Mr*d *fl degr**>. 



Fi|ure It. A typical prnxedjra for drMiirf salyjuni. Mcle 
{hit 1bi* rtiuriicrt ;c#s ™t lermiaie, arid l<* prOcidy'*/ 
PHjft b* (bpprd by h»-i:l. 



Iitrtrucdeni into <ne wfmJi lecp. Thu ™fr«h lucp rt 4 
**p*f«e Iwomm running- m parallel w -h Uj t um -- s j,™ f|rn 
The display liu M^pller Lrmally must h3 Ut tht lMe ,y [D 

nampik jnertrtMflrilljr, so tbar uhm r.h* pajpurt u Airbed u hj 
IHK nMttHry cu netnrnn.|le III or it The .-epermre nf v 4 pible 
objfflt IVaLhblc m {He LnwrUclMn j*c ur mnsr diiplay pretnaorj 
lyjjBEANjf uidudcs vf::flri. p)Q.in:s, and res;. In addition mint 
dlipEay praottwr* hint the cipubiliLr z » H || su brr, u «inei. so rha4 
J irqucmi aJ ucsplaj jniuu^riWii ma, & t used r r wn miny pine, 
in <** display hst. V«rar display |„: ifSr <rw and ajsp Ja r J|s[ 
UrnpJIcTi ire djscuii(d m deiaU \n [71 

Jr. na.ter *pm* like the TV Turrit. Ml p 4phin mftHndf 
Cause charrjfi (9 the dujplay icrem diTK:i r S. v ma^vinr the 
ra ™^ *»*«rt»ri w«h each point on it* Kr «n Hard^a-, 
independent rc f ICI h« <hr KIMn f fMn ,h t conrtrKs of rhe 
memory 10 Lhe lofoare nftd nCT m[lra n srff ta|[h 
mapncainLnsr a irparile pr|KfJ , .„ r(frrl(] lhf KrHp j[m 
primUnre op« a[ | M m a, risler graphics syatn a [a fi , , 
vjoblcMibjtti -b.ch j* Pr .iit* on [he Kr «n un[ il (, i, ajh^i, 
era t*d or mnd^ed Since il,in ff « are rudt direcrr, 19 lb, 
CSs^lajrrd vijui :n ,a ftt . [hw * u n* need Tor a hidden dm 
Hrwturr like a djipta,- hit »r*d m nwd for i display l,w 
cnmpJkt. The vjuljle rff„, ^ „ cnmrrmrf tenure rfnmednrtly ij 
th* cemmanu u niterprired. 

Interpretive lynwna mi1|t rwjtaire a name user T o (irldcrsraocf. [he 
lefnarnics of [he inure* lan £ uag». Compilers Lend ro fftm ltlt 
U«r dg tKpkcjily con fader :t>t ifnanUc of [he larnt lanruate. 
and ,Tv# pr««t (if LransUimg prqjrani from nn* ltiH U « jnVn. 
(he other. Thiu. jriphm ^rm* tiled mi ditjilij Ub Otnptkn 
may rtquue ;h( inn cd km>- about rhe dti^Uy pHu^hjr'i 
inirryttiniu and thml or tdmma,n4i , n iiritu of hoi. ihcr 
Wfhpile |i,; 4 display bill Wj:h {Wnpilen, the user nkiit *\m 
undrr*rind :hf r rfe:ts of (Hdiraticrs il wir it imarunve 
ewhmindi: Tor esanip:,, declarji^ni to a pi.^iia compiler » 
6pen" * 'clow- . d Jlp la T liu ft Cmipifcr lysifin, aie nA 
««*■ FI EI fdtJ, rhan IflM-iprrcn in iittHttiue irtuaniF 
lm*nnninf; ewmpilrt representancdi slcH ^j duplay lnts Is 
UhMillT | L . C | e he ; p Jp i^u^Lng. and prcfclfmi na T ar.ie L !fJ ,v 
Of dlKfeparH^t belweeji i^jnie and cdirpiled vcraians or a 
purlin. The mmj!|lai«in pr«Mj riequrntly lose* muoaaui 
hijformarion Dbflu: rhe ofjgJwl projrgffi, The uw milH ra |fr*le 
thf dfl* r af refnpJt (Km, donnj which inif nded thinm to ihe 
pro^nrn b«Sme efr*«ihr. lm| chinj^i i a p^rim nficq 
nccesluate «Ler, U ^ rKocnplUhfln, Al pner ipqm mterpra 
nlhw rr » ,n mm Pl 5 < tr"phi« ifioimanfis. Lhey art Mr u a^jid 
many «^ these pn*lerni aitocaHd w,:h ^CTnpiltrt 

R Liter lyicwit ||» permit 1 greater d^ rM „f J|e»;*i1|rr in the 
ihaice bT data strunum vxA ta Jtpresent pinum, Graphic 
Jptemi of the v«ref dupUy Un i T pe pnp^.c* » verj izr^j 
JnductnenL far t»I* liter iq cmctpiyalize pn;rares as mnsitfing, 
•Dirty OF set; flf Imet ]ji rnam T ju L h sysiemL tf Lhe detsri^LiOn cd" 
Ihe plctur* el v E r T compltK :n lerms of :hr vrzrar ftftjesrncnion, 
tht duptay will jtir: 10 flicker oh^sntr.ibl.; as rh« display 
pHKBuar win no: be ablf [d jnierprfi ill Lhe Lnsi-'uctiuns rapidly 
mcofgh (& refresh che Kreen. Curved hnei art tpprnxnnacfd by 
many ^ rc veeifM ln d «nd nj mju^ li,t E r djsptaj Iuil Verr 
few VKtsr typiH 3. r i:eini car. duphT 4 itrfiatm mmlxr vt 
TTTOOfJ Sd ra^t fading ir4 aj. feaubl* The rasr#r lysleir:, 
hohMever. « net hm:ied by the cnmaift i[]i nf rhf futlun. k w t ll 
imsc fHcker, evffl iJ rhe pin^rt ranwsri of 4 larpe nMrnrjw of 
vffiort. te-sr. piiin-s, n",«, Dr fiildd. ir . areas Jasier ?raphici 



Wicrjuriffi BxperpMenlacicin *t:h a frr^er va-,rl T nf 
reprewnuncnj fcr vismf jnlormaciM. Vxmm can b# 
repr«*nled j,, jnj or pi j lrl . Si VNlflrj| lun ^ ^^^ 
procedurrt. or d1jl*t kKemacivei 



3. Eriksr i ng pictures 

In rainrr srrapliift lystwni, pomli, vttcori and orhfr vaible 
Pb JKLs can f* ir-aset vn * s nnty u rbej are d«b*. ij t Juniir.1 
*Ff bit( in [he serif n stwrnarr .nKMd of lUfninr. IHrrn cm W« 
<>r iupp]y ihe runlt *ilh an «H-«,«r , D «|cj,i W n Id a pen When 
the eraser u down, poiim ilo^ig Ihe curile'-i pa rh are etJiletL just 
« rhey are dranrf( when :hf jurcle pajin d-Ter ;h™i wkK !he pen 
0V-:;. Altfrr-idUvely, chit :.jii ^ rl-jj-t: ,v as :I-j- ;■., in rh< 

Bm * rofar " ln ^' at thE bicl.|Mimc5, «uiinr nreviouiJj drii-n 
pitltlrei co cjitippear [See Fifure £J 



PEN D DUN 

REPEAT 4 FO 366 RT afl 



Ar 



Fi(ur* ?*. Th* tu r 1i» dnwt * vquar* *i|Jt 1r» pe*i obwri. 
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FJpir. SL», Hi. I^Ne or*, B * pirt ei oni iiflB o| ^ 
h? JjolBf Avar jf ni>i ih, rrM i^ sp^n. 

In y*OOr dTjplij- ]Ltt i^emi. eranrvj a pktur* as acraflipbibcc 
*y delecingf rhe .nscruc.on, -^hich craw ;| frtxn ihe rtrmh Imp 
Of ctie display prq«jior. Thu ji ,ji many reip K ;s lew {lejuble. 3 l 
th* Itrsicture 0* in obje;r eg fre deleLed rftuu rjtjireipnnd f nat: -jr 



i an «Ujk: dra-n The decision 10 «r,able erasing an abject 
nul[ In made when the fti;pl»T l« u «wf' lBd - **«*" in 
aster mt^i thi« decision on b* nude a. any time dLrinj [he 
**ai(ton oF i pres^m. It u («nf"Jly not P «nbli t-i dupUy 
^- ipWM » ma only part or a hh« or ^for w h*umi* 
.. , <ri«KUl)f displayed 

lie problem will. usLn* 1** L^,|lr= «l«r <r> HM» pities 
"rom d» screen is, that II Of «n does not hehaYt *S «p«id Tor 
JltlU r e i that 1« toniiiered <* Iw-i-JW ™ [h ' '*""■ Whw 
-anildenn* two dnwitioml p*rtUfl*M iepr«*niiuwis C OWN 
JifHMtanil abj«a. an opaque <*ieti prtMenis Objttrs krt.:nd H 
ram being *«n by » rtn««. If the op^= ritajsu ta 

emc-ved obscured flbj^Li "*<* -*r« behind it reappear. TftHl. 
- ii e« peeled (hat driving an ebjtct aftd erasing K wjlL leave a 
,scn.c* undisturbed.. The uniuliU <tf «H m» ciinlrrund 
iHihHt, than, I* t* =rale an tAjKf. but rfiinr* i-hlMMfr was 

v UHbh b-h.nd it brfa« in* object w drawn, [n sector dii?Ugr 
Lin iyK «ni. intimitis™ far dLtpkyiril i-° in«"e«ing wfim 
.411 result in dtspbymg rhc iralerSKdon pOifll i:vicc during rli* 
^tfreih quel*, w ii*" rimoYintj on*rf Lhe minors Kill n« caiu,r 
:he i*i»rfec;ion point io 2 away, a* b will be displiy+d by the 
iniTrvcran for the renaming v«(ar. In the TV Turtle. It 
iritfTM&ins lures "tb drawn w-nh iht pen down, and one km is 
■fated by inkmf over It win* thr eraser doun. the pfl-.n; or 
intuMtikHi will be uirntd off as wait Wheri i P u=i*j^ ii drawn 
jvrr iwxJrtr, the obKunrf picture is not iwri. and jo b nm 
stored whw anolhtr pitiure pauinf thruugn the ttl» po* 1 " 

LS CTiitQ- 

On* mechaniiiii far living rW» p^bletr. « io «Kp1icicl T i»v* 3 
portiosi of TUf «4d pitL4t< bifo« drawing ^ new pKinre i»*r i;. 
"^lial Trlt old pituafe on ht r*Hfff*d when th* new piuurf is 
i. rfd. Thts compllcitif pragram* which -do frequenc displif 
and eraimg of owerlappinf piewrrf. Mare elaborate hardware 
could provide t ^wcand-a-liilf dimenMCnar ffaiure, Hi a 
i T JI«n with le^ert^ bl» per aaint. wli*™ elLli bw W aUlgrvrd » 
plant and h-KifMiH deiemltiwt (he viiibility of each point 
iDcordinE TO in p'.ine [&]. 

In addkipn Id Che pen ?nd 111* tlH*r. the latUt IS aha H,uipJMd 
with an *jccluaive &fl WOK} mode. Sn ill is, mode, ihe lunk 
campl*mentj tHe sr*t* of points as it pau« om«t (hem. mrnmg 
on point* whith w«r* previously off and turning off jrainra 
wbbsh were *ft Tim mod* u aften SIS=fuS wilh finiple 
overlapphie; pl«ura. ^here dupl»y or (he mierKaUig am ii 
no; critiul. but it ii ifflportint m avciil dlK^rbin; a bacVgrnund 
pktune wh»l* wm* OllHT pjcture is onwn and Hun *ra«d. 
Uilng XQR rpodt, a pictuie ean be drawn and aubscquefitly 
•iT?!'d uiLr-E [he Win* prmMdur*. [rani pa. rem ra any pj-eviflusiy 
ryis:Lnir pi£[l*nr. It :i als* VK$ useful "hen a particular pimirr 
ihmild HmaUn diiltinaay Yinble. even ignnjn backgrOMnds uF 
htav|ty iraded pjpu^r-s. Fc^- Iheif Vfascns. KOR C"dt is mrd 10 
diipliay the Irian g\* enr^ar -fhilh maTkj the IBM or <he wait nn 
The screen. 



4. RejH3 i.n *r tKa gereeS 

Another intrant conieprjil eMennt-i <i*r.-n:i[ed bj tiV,r 
'""phLii II (Hit the screen r* me- en Lief* whit is drtMl upon jt. 
L . ii pQUtbk lo lead from the itiftm as m*!1 U-vrlM en IS. 
IndivLduit point! orl [he screen iii\ be t^.-,ei 16 it*, rt ch^y are 
on Of off- This illa^J pro^ram^ 10 jflfcaive- nhli is dn ^ie 



icreeft i\ w«U Tl* modify il. A ifTrsjpti of thr FCRVMAS13 
uwYimand i;n eaiil^ be defined whKh wir itap it a [he lurd* 
hici any dupbyed "iifeaatliej.' hi m pih. A "leemg eye ru;:!*'* 
tan tflpnn ewidBrwe or visible objeis in the dirCUiOn o;' Lh.e 
[UrtJ+'-S headinj. The tiJ-rrl* nn be projiamnied W 1>nd Ju »*d st 
ou: or rnarei ur oavi^aie- around ■&b3(itles. Tlit sJiadjn^ facility 
alio -depends- m an eiienitll wa|f upon beinj *ble 10 r*"3 'he 
jereen (& s*»n;1i fin ihe bou>n4*f i« cJ a lejiafl. 

In alrnow every vet:or display In? ±iM*fM f I" •* mpfljiible ^0 
■KwnlEif a duplay li« *fi*e it u created rv deiermne -wliil II Oh 
the vrreen Diijjla? ! lisis ire UUIJlLf made aicfifcblt onlf fmrn 
ftiilhir* san^aje, 'if\C ifiu.re icna^jiVj (be fornjiL at Lhf 
d^play; peoceiiDT mstrucquci sel E>*fl it this inF0rf(*Sj(i0n -w*ee 
available, f ijurint 0U.I wTiethef a pamculaT poirsi on ;h* Kreen 
was on would be 4 kngtfiy compUvaden, « il should inwolwa- 
f^an1J^lnJ all [he display lists e-iiwmg in Ine iys;tm Prognras 
wjiich need [6 inow what Hii h«n drawn iMtt mwead miintlin 
lam attxfharr dala StfUCUre io rectwd Changes to She SCrfth, 
and nwdify that itriKture whene-er ^ innay tommnitl u 
lnucd, Initead of IMJinj dispUy i|i:t ai the pruniry. diti 
itrvclur* fO^ piciures, in r*(ttr systems [he fSCr deals direuty 
wjtti the svereen mwng-ry, and can thinl oF iWilhg; and 
displaying [rtints-as sjmply reidihg or wrllinj Lh* screen. 



5. WdtJs and pictuye^: 

AW inifraPion with the iystern mvulvm; t*j((, iucTi as.OTrrirru.r4 
InptiT. pTo^ram ediimg, and frror meisagel Otcurs W in* rJIP* 
anplay screen Used TV graphics. This has fh* advantige ci" 
concentrHqng lh* anermon or [he UltT Dm a single itieen, rather 
than dividing it between 4 graphic display and !*X1 WJminal. An 
amuliary pnatesior LE tmployed lo speefi U? TH* drawing: of le*t 
on th* screen dutantf normal charterer inpur and cnitpul. Onfr 
can. however. Use Jh* graphics ttiirinundi (0 display t«I ii S-elL, 
perhaps. 1o pTsn[ tiling a different font limn ih* syitem^s d*F*nHL 
For conTefiitn-!*, a split screen ncde li normally sii*d in whKii. 
the Dup ar*a of the itreeh is reserved For gTap^i« mirjiut. and the 
s>K(om for typein and rypecut. The Si3*t of the leat and 
graphics section! »fe tn*lry adjustafj-1* SO [hat. foe eaample. the 
ietl area, tin tw eitpanded while e4l»ntr the teat or a program, 
or the graphics area enUrj*d whiie -Pitching pwuires tieinj 
dia-wn. Tent and s;rapht«--an interait f leu ftty. a nd the lusrr can 
prjnS labels 6r tap[IOhS on piilurtl, or draw pictures :e 
acewnpany teaL Prjncrd c;py cf bKh ie:^i ind fjrap'nicl is 
available. 



6. Bh.adifl.tr areas 

Kastea- ityk graphto syterni enabk The user w think ibo^r 
arcji as pijUure compnnents as veil ii just (met and pDilUL 
Th« allows (he tistr ra fully ejphn[ [he ;wd dimenuonal naii:re 
of the djjptiy ser**n. In the TV Turtle, pnrnitiYes aTe prcvidfd 
ftr construing, naming; and manijiLilitiiij areas. 

ThB concept of iht turrit's pen -which -dram lines li leadUH 
gtn*ralii*d Ifl tha.[ of a irdaft which siMteps ou* a.reis. An 
iroitrtry plc(u:r may be dest^ria^ei »* the turrit's irmsh, and 
thai piCSUft US swept a-ita-ll (ht pafh altm^ whlih the turtle 
moves THIS permEUi the DWllt fa driw'w trise IJPKt dF any 
ihBCkntJS, as n-*ll as Jm>« normally onf pa:-it wide. In 



£*injirnL:j[>-i wi:^ jnpUL \tan a de^ne iu;h ii j mouse or tablet, 
the bruin, fan ae used for painljng regions freehand. 

Tot prO^ittm., htx^ftt, (r»f twutli IT»dV II ?idL cnrrale:ely 
laLul'iciory Programs for tonslrLwlirj fi! ed in irrn wirh fvtft 
lihipl* jebfr-efriL rhduel L| i j i H k L p rj+rciflie (QmplirJtpd. To allnw 
easy cneanon of shaded reg^aru, line syscKn provides a 5HA-DE 
cOfiiffii n<i, A closed curve li dfiwn wiui the ptn dc^n, outlining 
the repcm 10 be Flllfd in. and. Lhe LU7^ it u^.in; *i mj .nr^er 
peine of the repjion before iHunif :he [fruninc. The syslemi 
then iCirll the Kr«n la rind I he twnndarifs of :he region and 
fills 1L The *na ig he- shaded mar ft* *r *i>( ■^'■p* & ii!« An 
argument can Lie given m SHiDE (u iprtlfy 4 tHidlns 
' pattern, which letli (he rurilt ho* lo Till Lhe am. The JefdJ : r 
IhfcCpngr pattern, SOLID, ^r^s ori e> try nc-int in the region Tne 
■VMtFft alio provides i Ktuf prfdef intd shading puitnii, "Inch 
ire i.lkffl<L«i[ far typical lite* «f i*ns feature, Like dislinguiEhiinj 
between I f*w neLjlroorinE; regions T«Ki* ptifnnm functions 
juch as filling air-ii wLth hnrjian:a'. or vertical Unei. The uier 
alio hi* [he pfrior. of jiinr any t**td pieiure m a pnrtrn. in 
which case Lhe region H filltd ^nh tha: p-iUre, repeaLinj iL 
"wjlMpi per" Kyle af necessary A|r-ffjia:ively, lhe Jier :ar, supply a 
function nxtaide how to shade th* im, tSft fijiirt 1) 




Fistum 3a. The 3urtl* it «iiid» « "knowTliiu tunV 





Fiaw* 3e. A cwturi er^ilrd ut-fq. i*v4r*d air iron I shiirf 
pi11*rrn, 



In the co iar vcruon oT the system described "Lielii* i he jn^i'-iig 
facility js eiprcLi.Lly useful in filling areas vuh diflerml injurs 



7. Animation. 

Foe ml time animation, v. n important cha' Che user be able \<d 
create, d is clay. erase and mmrofm piciures rapidly enojgh hi 
five the appearance or fiiui.rin Neither :eit vector display Im 
nor iliWr gfJSphitL lyUcrPL ire u-MSlly Utt VHmgh no mat*- ii 
fnidbk id draw tsuli ("riffle rrom utauh. dynintiuNY 
cornpurinr; the tra ruf anmarLoni of ;he pirrure from enr frame no 
(IMF nixr, Iri v«cror displaf llu ty^eJni, ihe UniiaEien is usiiiliy 
not the speed, of the dup'iy proonior. but nhr spety; Of i he 
display Ilel compiler. [n:i»o, movies are uiualtf made h| 
drawing mines or <ey iiQrr.ponen:: of Cm nt-i. inc. davmg -hem 
in Kim* lower itvel lorm n-hich is lasiff io rcciiplay. traie. ind 
move [hSN t*'««»icing lhe DnsinJl prO£nii»r# l*iac dr*i» rh* 
picture. In the me of NcSaf dispkyk. Ehil l«w le^et 
iepre-j.en.ta.cion for ajc:ures u a aua'ay Lis;. 

In the TV Turtle s.'ruem. fhr pniKipat cLa|a frf-UfflUff t*ti fBf 
thu purpou Js. fillrf i wj.-jJ*W A mhd&w it an ifny of 
po|fm repiesenLing the picture in a rcnin-rutir area nn Ehe 
IcreefL It can tie thoup;hL erf ai a "phoicgriph" nl rfuc par: of 
the Kreen wjihm i jiv«l rtaifigulaj "^ie*f iiltaer" One* ireiLeti, 
a i^indDW can be displayed or erased si any jociiLon an che 
icreejL f£e* F igurif t.) 

Redil-pHy of a window ii irtipl(flfi*nrrc umply by ;rarsLrfrr"iJ 
the cOnlefiU tf iHt nind*w array into 'W scr«n memnrT. "Utih 
ji a very fas" opHniriori TransfonFJticiii (uch ai rotaiHiv. 
reflecion, and jcaunf; &T >» iivlcmi ire runen"ly MM froviried as 
prUnLnvei. but may ae prEgrartifrted by me us;- ar 4 svHerru 
prc-gTHinrirr Showing, a meme by iiiplayirif picture! ii*«l in 
wlnd*w| II Utmlly much faEler Ihin f^tcucinj piotrturrt ro 
draw each pLi'ure. Windows, also provide a reeins of clipping 
p|er,UFes, ai any portiOh of the piccure outside the Kftinju b-' 
area wM be vxe'.-joec f rem ;ne window, 



Flcauni 3o. Th# (Lrvt it Hrd in ^1r> honaSfUal km. 
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Fifjur* 4* A ptrturi- 44 j biff li i j v *d in ■ -«irdctv. 



UIPE 'BALL 
RIGHT 96 
FORWARD 23& 
OISPLfiY 'B^ILL 



O 



F^jurt 4h. Fhfl bill li n»v*d 3flO Keps le 1h* <i|M gl in 
origin*. 1 pdLilrarv 

The iprrj of displaying wmlawp ^mit only -upon haw BiKh 
#l*a (h* picUuw o«upi#s K n ictilly uiienuiiv* m ' ifir- 
«fnplcKity of a piccuff wishin a tpjiehi. unkit dupUy lim. The 
Window nepresrrarinr,-rt is Ehcreforr lit-: I or i n irmdon in *ruch 
most ch*i"igei happen w^enn. jnult areis of the so»*n, hii; rftlH 
hippen very fa«. An Simple i: i (ins* l.kr ipue x» r , nhere 
rjbjecn (Hi; («**, appear and disappear !ih:pi And rnrptdcj) 
n^ghc be complex pic;ur*i. LHJE are irnaLi reim** to tin sii? of 
lh* i£r«n. and nedd :& L JT thanked rapidl F . IWnid^wi m iy rend 
to be some* lur ipau rarsjiHHjr*[ far tame applicant. Thi* 
problem could Ik retuied by concerting oa i_ jun UngLh 
«i-tL>ii.p>r: Kheme, at m* »[| f increasing- lite Jmcwn dF time 
nKtoii-tf io redisplay a nindo* It is aba possible ie construct 
Other types of Jaw if-*-? | represen:itiDn foe p iciures, cptimjied S*or 
pictures wj[h pirlituiar knuk.i chdfidernticL 

A diiadvanug-r of ihe -indow tammand! ai they currently tw, 
li that eik *rta saved m a ^i.icd* musi be tptEihrtl is a 
rectangular 4r*a. This may mate jl unapprapriaEf for yiyinj 
pKEUFisj vjrjEh irrcpiliFl|f leaped baundaruf. 5jvihg Che 



■tt.lIuii h rj rrttangular area may save . n ih* u-induw ponioni erf 
sone D:n*r unwarutd picsure ldpcrnr id ir or n leu: i.ikp 
jpare saving empij area -Ovfruppi/ig pi:iu-tt if*- aim a i.ni-vr 
of diFficuftJ,. m-akinr lE dEffiEaik La a»i£n KpiriLe nimeii I? hr 
ouipui or turn pr-ocftlurcs if the piauret rK*-f dri- tin- o^-eiiip- 
on Ehe Krern ETAiin^ a ivjrvdov also priiei the piEEure "behind" 
U, 4 prvbtrm alio rn^ognnfrfd nli*-n iiiinj [Ire rTABtf modf n( 
Ihe 1-JrLk, 1L dkttlilHd lEW"*-. A) ^lEh, Ihe tr&ttt inrtt. I»irt 
pr-ob-lem tan br alleviaird La icenr extent fay 4inng, XOR r'ude. 
or explicitly iiv.rf; int rmcfin^ a<:rurri RmaEicn and suhng 
Uin»Tdr»ui|ein.[ m man cJirfitUU Id iipply 14 inClMrN unnj ihe 
toindo* rcpreienliliWl lh-kn n (he die with »etlcr diip'ijf liKI. 

In Ld^h implerner.;3::Dn for ve::ar d.Fphyi nidi as IIigw 
dtKrlhd in M and ft] rhr bibin pieiyre uving cdpibiiciy is 
provided b-y Lhe £hlAP tomnunp. Thu CBrrirrunE. lives i pccLyre 
{usually Lhe ettCire itreenS ai a dilpla^ hil lubruuline A map i»n 
jubseqiicfitty be redsplayed anyMhere un the nrren bf mserlinz 
a call ed clTLat HibrouliriF tnta :hc ctiTrrnt dLiji'af luc. Ren>av]nj 
tht Mil tr*J« Eh* pinur* ffVf in Jhf fnap fjom th* tcreen. Ttit 
mipfcftWflarJS* drXiibri in BJ privnifi hIKh <apltHlUif( as 
onpifliif ir.api, rdinnf them, bjf appendmr; insiruciion] Id Ihe 
Itl^rvuCMif. *nii nri-:ri«nifi Ihe UGpt «r (he piiTUfl WtO- in a 
map to Ok display IleI output bf a- pimcu'jr piece- of suurte 

A prdbtrfll VnLh. saving pitLuTn ai dupiaf lilt lubnnjtmt] ulir<5 
the- SNAP cammand li :hat ;ne rt-Tiiiar.ihip bei^ren pittuies 
viilble on tTi*- lycreen and. piciurfs ii'ita in injp: n no: j l<- a r l 
sk-*r Tha i( eSpKUNT Uue whrn muliipK <c^i*5 c« snaps ruy 
tKuL, vhrn maps tan be- Tdi!ed r and "h*n Chert II eXtfftSLVf 
ave. r bppin|r of pjtiures. Tht-ie >s no way sa fesuic: :hr entenl of 
a snap To a parLitulir area on :>it K;tfr W.neliJWfL fitwever. 
hav-e the- prap«. r i| ;na: cv/iaE j-cu jcc- J J "v^j-ir yvv £<tt 
Everyil»l*ig VK|ii> WL:run rite- .speeded area >-.|| be included in 
Mir m.-i :i:1iiw. ir^aidlrsi at kvhai CAiiMC ji tn appear, including 

fl-i-.CiTi.. It-r... ;:uiOr%. :|:ifNC a : i i I .iriC, o:'":' C :; i^3 -.pi,...^i 
Windswi ullouf ttlttlqng 4 pirijtubr region ce the stmeen to be 
iivei, Khtrnj snaoi allrn^ seleciivLly -«Hh res|Wa r<i ihe Nrnt- at 
which Ehe picture- ttn drawn. AukIm? pinblrrn with snaps is 
(hit (hrf eamn« bf f!s*Pifirf In any rfasonablt waf, and must 
remain scjncHhat nnyslenuus In a na^ve uif; Th* jnifrnal 
ftruduiE of a >nndow, hofever, is simply ati arny Of pditn. 
and can catliy ce- t-Kamuncci and mDdsfjtd bf :hr uier or uy 
pfflg«fl»l, 

B. Cclnr 

In id'il?i«i t£> ehe blatl and ^biw ifiitn. aifxhtr vef t|pn of th* 
TV Turtle displays Full :f'or pitturo en in .^e-»enl pr«ijl«iM 
Eelevuian j;:rt«ti. Trie calcr version urderKandi rnoii: af ih- 
same cc^mn-iands as :L r i« bLi:k ir.J "hire vers.an. i-iin jcdiLicml 
tKiemtloni Toe creann^ arid mjnitigla^img :^'orp Tnt Fjnrem 

iLipphci i k: of coIdts initially oui :he use: rrjf define pr«> 
color* U-finj rhf r.UK = COtCH rofmnvrid, wei«h p»ir*s a r;ew 
color Fran a specified nix or [fir pnfriiry balnH Hi. gr«fi. and 
blu*. Trie- turtle 1 ! pen isi a pan coJor. and all dn^ing-F done 
by the- Eunle appear on ine icrem in :he currently lelecled pin 
color. The tj-iin 1 :! jUl L*t|:i cracL of rne cnlcr of the 
background iyinu-: ^hitli pscturti tn dn>*ra Piagrts ire 
erased h^ ie-d raving men with the CTiser down, unr% Lhu 

buOground color, calirt in* *t<»rt fctfof CLEARsCflCBN Ttlls 
Che Kr»h »j[h Ehw craler tftlof, [h<r*6y tfaiiryj *v*rv^»ns oa 
Lhe Kreen 



The screen memory for lhe cnlar iyic«n \^m iti-ml faus en 
dewnbe the watf -of each p«mr These bits address an amy 
ailed Lhe JCutaCTr. which holds, a se: of rurrrnrly jvaibble 
colors. A p-am ! may be display ed jrt any CDlraf which u i merrtrcr 
of [hn ic:. The colors chosen for !he paleltr may be changrf jr. 
• riy Line. Thus, any number of colors, miy ht ilefmed, bul line 
numher of ctHgr* actually viuWt on lhe screen il any pardOular 
[fcfnr f! li*r*ired by the tipit;:< of sh* pilule. Whenever a 
PENCOLQI cflnnand ls' issued, sht pilril* ii seirr&ri ro firtj 
the- rev pen color, [f ic ie pr*Mflr. lh« color is Klrcied. [r HW, 
the new color 11 iniejifrii arno lhe nexs ivuLtld* tput m thr 
palerrt. CLEAR? C-ReSJt) dels:u all me colon f-em (he palerr* 
rJeWfK lotf Lhe current pen and erairf ifjfors. Thus, th* iLMr Mrf 
clunk only pn q(r*TH 01 ifmbal^ally nim#c. colors' rllhrr than 
nulpeNcal indices mio rhe pa>r;?. anil ^ilf nrtly £*i in errcr if 
the limti an -he number or ilifferenL colors in -use ijmulianrously 
ii en reeded, Tht pilellc cm, however, be *jpll(r|y Hteised if 
d+iittd 

IT IF- V* ry c^sy L0 thing* 1hr color Id whjtli 1 [Hmt^lar numbtf 
reprrFentins; the slaie of a poini (Orrespuncis, sirrply l? f 
modifying rrsr palttre, TNi has Lhe visual tTfta o< 
unkllLitneOully changing ill prunes an «hl Krem ui that -rolcf a, 
BEPLACE.caiOft pnniiiivf 11 wppherf,, ^hicb, given [«& tnlon, 
change all prf!Ur« on the screen in on* m^ ta arwshrr. Thus 
oparition is mush fasteT trian adueVjnj the jam* erfetl b-y 
redrawing eh* piauna w JifiMhrr tokir. Usaig This, 11 is easy CD 
program piyshetiekf. elTecis by rapidly ihanpmj ibIeti randomly 
Hi a mullifOfered picture. It le a Is.': possible 10 exploit :hn Ttilure 
for arurnllicn. id chat a p-icuif oauld be mudf to appear or 
disappear very qwiickhr b> ullfiE Hfih-ftCECOLOfl Lc charpe it 
fram i1ib haeLfrr(Wn(i Coloc Lo larnt conr,raMin| trJoc and bnH 
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B. 3 i« H>I«:hieint^Hpii 

The TV Tunlt Jj a partie* of twaum wriiien m the 
MatLup djale« of Usp for trw PDPIO L "51 J( cm be ustd 
nther -dLrecrly froi" Lrsp oc from djt Lisp implirrventiL'tin tif 
LogiOi [ij A iinilir gnphici Ayuem it currency bemj 
snplrjnenred Tar the ?DPll,« \r> iijhmbly Lanyuasyt. 6«h lhe 
bliet and wirjt* an<S (he Calw diub>t are tfrmpatible- with 
tandard Ojfiadiajl wlevjsian. al|Fjwi,ni; th* iue at mndanl TV 
nujPilori or Tsdronpt «]UFpnien(. R«oUi:i&n Li ipprrairraiely 
S-V5 points hDCiionjally by ^H prams. v-srueiHr. Tht blitt aiwl 
VhiUe iyiiem hat c=ie bit per poini (w iT1 y \pvt\i}. The e M l(r 
s-ysmn has r«yr iiiLs per pennr, 2lLe*irj up :c six:«r. rLirrerml 
c-: ori -a ^j:-H ar ^n :'.e 1:. -n: ^- .., K :. iurarfiir fi- !n ( tu:i 
mtd ^hLLe- system »*i designed fa T Tflm tiliijhl. for ihe «|of 
ijitetn by Ron LebeL 
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